Bacteria have been documented to be responsible for nosocomial infections which are of both public health and economic importance and are increasingly becoming a concern among veterinary patients and practitioners. Nosocomial infections are a common cause of morbidity for affected animals leading to a prolonged hospital stay as well as increased use of resources to treat such infections ([@CIT0001], [@CIT0002]). They are also of particular concern in surgical patients and the development of surgical site infections ([@CIT0001]). It has also been reported that some nosocomial infections are zoonoses ([@CIT0003]).

Microorganisms such as *Klebsiella* spp., *Salmonella* spp., *Serratia marcescens*, *Clostridium difficile*, and *Acinetobacter baumannii* have been identified as causative organisms of nosocomial infections in hospitalized dogs and cats ([@CIT0004]--[@CIT0008]). Methicillin-resistant *Staphylococcus aureus* (MRSA) is now one of the organisms of major concern in both large and small animal hospitalized patients ([@CIT0009]--[@CIT0012]).

Although causative organisms have been isolated from patients ([@CIT0013], [@CIT0014]), hospital personnel and inanimate objects or surfaces ([@CIT0015]) in the environment ([@CIT0010]), the role of airborne bacteria as a source of infection or their role in environmental transmission of nosocomial infections is unclear ([@CIT0010], [@CIT0016]). In veterinary surgery, contamination of surgical suctions tips with bacteria in room air may pose an important risk to the development of surgical site infections ([@CIT0017]). Prevention of infections requires the identification and control of the potential sources of microbial contamination ([@CIT0018]).

Bioaerosol monitoring in hospitals can provide information for epidemiological investigation of nosocomial infectious diseases, research into airborne microorganisms' spread and control as well as provide information regarding the current status of operations ([@CIT0019]). One of the recommended goals for surveillance programs for nosocomial infections in veterinary hospitals is to estimate the rate of pathogen shedding and evaluate environmental contamination with infectious agents ([@CIT0020]).

The objectives of this study were to determine the prevalence, types, and quantity of airborne microorganisms in a small animal clinic at a veterinary teaching hospital; and to assess variations in microbial counts at different times and locations within the teaching hospital. Our working hypothesis was that there would be no difference in microbial counts in rooms sampled pre- and post-cleaning. An additional hypothesis was that there would be no difference in microbial counts between rooms.

Materials and methods {#S0001}
=====================

Rooms sampled {#S20002}
-------------

Eleven rooms were sampled in the small animal clinic. The rooms selected were those in which animals were housed or through which there was a regular flow of animals on a daily basis. The rooms sampled were the large operating room (LOR), small operating room (SOR), large examination room (LER), small examination room (SER), special procedures room (SP), surgery preparation room (SPR), radiology room (RAD), cat room (CR), recovery room (RR), kennels room (KR), and isolation room (IR). Bioaerosol samples were taken once weekly over a 9-week period. Morning (AM) and afternoon (PM) samplings were done on each sampling day, which was the same day each week. In week 1, all locations were sampled once. The rooms were subsequently divided into two groups. Group 1 (LER, LOR, RAD, SER, SOR, SP, SPR) consisted of rooms where procedures were performed whereas Group 2 were the rooms where patients were housed. The rooms were sampled from weeks 2 to 9 using the protocol shown in [Table 1](#T0001){ref-type="table"}. For Group 1, AM sampling was post-cleaning, samples were taken after the rooms were cleaned for the day and afternoon (PM) sampling was during routine activity. For Group 2, AM samplings were pre-cleaning, samples were taken before daily cleaning of the rooms were performed and PM samplings were post-cleaning, that is during activity. The order of room sampling was randomized on each sampling day, however, due to biosecurity reasons, the IR was always sampled last, following which a 1:10 chlorine bleach solution was used to decontaminate the wheels and legs of the sampling trolley and stand.

###### 

Sampling schedule for the study

            Sampling week                               
  ----- --- --------------- --- --- --- --- --- --- --- ---
  SOR   1   •               •       •       •       •   
  RAD   1   •               •       •       •       •   
  CR    2   •               •       •       •       •   
  KR    2   •               •       •       •       •   
  IR    2   •               •       •       •       •   
  LER   1   •                   •       •       •       •
  SER   1   •                   •       •       •       •
  SP    1   •                   •       •       •       •
  SPR   1   •                   •       •       •       •
  LOR   1   •                   •       •       •       •
  RR    2   •                   •       •       •       •

Sampling areas.

SOR = small operating room, RAD = radiology room, CR = cat room, KR = Kennel room, IR = isolation room, LER = large examination room, SER = small examination room, SP = special procedures room, SPR = surgery preparation room, LOR = large operating room, RR = recovery room.

Sample collection {#S20003}
-----------------

An SKC^®^ Standard Biostage Impactor (SKC Biostage Cat No. 225-9611) was used for bioaerosol sampling. The impactor was mounted on a 5 ft tall stand and connected to a sampling pump, model S37MYHCB-1452 (GAST Manufacturing Inc., Motor Division, St. Louis, MO, USA) with flexible tubing. The pump was set to the manufacturer\'s flow specifications of 28.3 L/min. The impactor allowed for air to be drawn directly onto blood agar (BA) plates. Sampling times of 2 and 4 min were used for each room. These time periods were selected to ensure that total aerobic plate counts (TAPC) per m^3^ were obtained for at least one sampling time without overgrowth on the plate, that is a dilution method. Room doors were closed and no movement into or out of rooms was allowed during the sampling times. The impactor was steam sterilized before each sampling day. It was sterilized with 99% ethanol between rooms. A total of 319 samples were collected and immediately taken to the laboratory for further processing.

Sample processing {#S20004}
-----------------

The BA plates were incubated aerobically (Thermo Fisher Scientific Inc., MA, USA) at 37°C overnight. The TAPCs were enumerated using a Quebec Dark field colony counter (Cambridge Instruments Inc., NY, USA) and the morphology of the colonies documented. Representative colonies of each type of growths on each plate were then individually inoculated into 0.5 mL of brain heart infusion (BHI) broth in cryovials. The cryovials were mixed using a vortex mixer and incubated at 37°C overnight after which 0.5 mL of 50% glycerol was added to the contents of the cryovials, mixed thoroughly on a vortex mixer and stored at −20°C until further testing.

Isolation of aerobic bacteria {#S0005}
=============================

Cultures stored at −20°C were thawed at room temperature and used to inoculate BA plates which were incubated overnight at 37°C. Pure colonies were stained by Gram\'s method to determine the Gram-positive and Gram-negative aerobic bacteria. All Gram-negative bacteria were inoculated onto MacConkey agar and incubated at 37°C overnight.

Identification of microbial organisms {#S20006}
-------------------------------------

All Gram-positive and Gram-negative aerobic bacteria were identified using exhaustive biochemical tests and serological tests ([@CIT0021], [@CIT0022]).

Statistical analysis {#S20007}
--------------------

Rooms in the hospital were divided into two groups. One group comprised seven rooms and the other four rooms. For each group of rooms a series of contingency tables were generated to examine the frequencies of genus isolation. These tables included an overall genus frequency table with frequencies summed over room, week, and time of day, followed by two-way tables to assess if the location (room), time of day, or week had an effect on the frequency of genus isolation over the 9-week period. Associations between location, time of day, and week, and frequency of microbe isolation were assessed using chi-square tests (where required, an exact or a Monte Carlo estimate of the exact test was used). Presence or absence of the most frequent genus (*Micrococcus*) was also modeled using Generalized Estimating Equations (GEE) to simultaneously assess the effects of location, time of day, and week. Significance was set at alpha = 0.05. All analyses were performed using SAS (version 9.1.3 Service Pack 4, Cary, NC, USA).

Results {#S0008}
=======

Frequency of isolation of bacteria {#S20009}
----------------------------------

*Group 1:* A total of 13 genera were isolated namely *Enterobacter aerogenes*, species of *Acinetobacter*, *Aerococcus*, *Alcaligenes*, *Bacillus*, *Citrobacter*, *Corynebacterium*, *Klebsiella*, *Kurthia*, *Micrococcus*, *Pseudomonas*, *Serratia*, and *Staphylococcus*. The four most frequently isolated genera were *Micrococcus* (36.6%), *Corynebacterium* (16.8%), *Bacillus* (16.0%), and *Staphylococcus* (14.5%), and the differences in frequency of distribution of genera of bacteria were statistically significant (*p*\<0.0001) ([Table 2](#T0002){ref-type="table"}). Using GEE modeling, the frequencies of Group 1 isolates did not significantly differ with time of day sampled (*p*\>0.05). The most frequent genus present in both AM and PM sampling was *Micrococcus*, with frequencies of 19.1% and 17.6% respectively ([Table 2](#T0002){ref-type="table"}). The frequency of distribution of *Micrococcus* was found to be significantly higher (*p*\<0.05) than found for other bacteria either in AM or PM sampled. *Alcaligenes* and *Klebsiella* were not detected during AM sampling but present during PM sampling. *Citrobacter*, *Pseudomonas*, and *Serratia* were present during AM sampling but were not detected during PM sampling ([Table 2](#T0002){ref-type="table"}).

###### 

Frequency distribution of aerobic bacteria in Group 1 rooms

                             Time of sampling               
  -------------------------- ------------------ ----------- -----------
  *Enterobacter aerogenes*   3 (2.3)            1 (0.8)     4 (3.1)
  *Acinetobacter* spp.       2 (1.5)            4 (3.1)     6 (4.6)
  *Aerococcus* spp.          1 (0.8)            0 (0.0)     1 (0.8)
  *Alcaligenes* spp.         0 (0.0)            2 (1.5)     2 (1.5)
  *Bacillus* spp.            15 (11.5)          6 (4.6)     21 (16.1)
  *Citrobacter* spp.         1 (0.8)            0 (0.0)     1 (0.8)
  *Corynebacterium* spp.     11 (8.4)           11 (8.4)    22 (16.8)
  *Klebsiella* spp.          0 (0.0)            2 (1.5)     2 (1.5)
  *Kurthia* spp.             1 (0.8)            1 (0.8)     2 (1.6)
  *Micrococcus* spp.         25 (19.1)          23 (17.6)   48 (36.7)
  *Pseudomonas* spp.         1 (0.8)            0 (0.0)     1 (0.8)
  *Serratia* spp.            2 (1.5)            0 (0.0)     2 (1.5)
  *Staphylococcus* spp.      14 (10.7)          5 (3.8)     19 (14.5)

AM = morning, PM = afternoon.

Based on number of times a particular bacterium was isolated/total number of times (131) all bacteria were isolated.

*Group 2:* A total of 11 genera were isolated comprising *E. aerogenes*, *E. coli*, *Acinetobacter*, *Alcaligenes*, *Bacillus*, *Citrobacter*, *Corynebacterium*, *Klebsiella*, *Micrococcus*, *Serratia*, and *Staphylococcus*. The four genera that were highly distributed were *Micrococcus* (34.9%), *Staphylococcus* (16.9%), *Corynebacterium* (15.7%), and *Bacillus* (15.7%) as shown in [Table 3](#T0003){ref-type="table"}. Using GEE modeling, the frequencies of Group 2 isolates did not significantly differ with time of day (*p*\>0.05). The most frequent genus present for both AM and PM sampling was *Micrococcus*, with frequencies of 18.1% and 16.9%, respectively ([Table 3](#T0003){ref-type="table"}). The frequency of isolation of *Micrococcus* was found to be significantly higher than detected for other bacteria (*p*\<0.05). *Citrobacter* was not detected during AM sampling but present during PM sampling. *E. aerogenes* and *Serratia* spp. were present during AM sampling but were not detected during PM sampling ([Table 3](#T0003){ref-type="table"}).

###### 

Frequency distribution of aerobic bacteria in Group 2 rooms

                             Time of sampling               
  -------------------------- ------------------ ----------- -----------
  *Enterobacter aerogenes*   1 (1.2)            0 (0.0)     1 (1.2)
  *Escherichia coli*         3 (3.6)            1 (1.2)     4 (4.8)
  *Acinetobacter* spp.       2 (2.4)            1 (1.2)     3 (3.6)
  *Alcaligenes* spp.         1 (1.2)            1 (1.2)     2 (2.4)
  *Bacillus* spp.            9 (10.8)           4 (4.8)     13 (15.6)
  *Citrobacter* spp.         0 (0.0)            1 (1.2)     1 (1.2)
  *Corynebacterium* spp.     8 (9.6)            5 (6.0)     13 (15.6)
  *Klebsiella* spp.          1 (1.2)            1 (1.2)     2 (2.4)
  *Micrococcus* spp.         15 (18.1)          14 (16.9)   29 (35.0)
  *Serratia* spp.            1 (1.2)            0 (0.0)     1 (1.2)
  *Staphylococcus spp*.      9 (10.8)           5 (6.0)     14 (16.8)

AM = morning; PM = afternoon.

Based on number of times a particular bacterium was isolated/total number of times (83) all bacteria were isolated.

Time and location of sampling {#S20010}
-----------------------------

*Group 1:* Using the geometric mean/m^3^, the mean microbial count for AM sampling for Group 1 was 81.3±3.1 cfu/m^3^ and 57.1±3.2 cfu/m^3^ for PM sampling but the differences were not statistically significant (*p*\>0.05). There was a significant interaction between location and time for rooms in Group 1 (*p*=0.0028). A comparison of the microbial load of air samples of the rooms revealed significant differences (*p*=0.0287) in the AM samples but not in the AM samples (*p*=0.4767). Furthermore, for each of SER, SOR, and SPR, mornings and afternoons had significantly different microbial counts (*p*\<0.05). Counts in SER were significantly higher during the PM sampling ([Fig. 1](#F0001){ref-type="fig"}). Microbial counts in the mornings and afternoons did not differ significantly for each of the remaining rooms in Group 1.

![Geometric mean±SD of total air plate counts of Group 1 rooms (*p*=0.0028).](IEE-3-20376-g001){#F0001}

*Group 2:* Using the geometric mean, the mean microbial count for AM sampling was 291.3±3.0 cfu/m^3^ and for PM sampling was 172.9±2.5 cfu/m^3^ and the difference was statistically significant (*p*=0.0049). There was also a significant difference in microbial counts between the different rooms (*p*=0.0333). No interaction between time and location was observed in Group 2 (*p*\>0.05); however, the Tukey--Kramer procedure for multiple testing showed that only rooms CR and KR had significantly different microbial counts (*p*=0.045) from each other ([Fig. 2](#F0002){ref-type="fig"}). In Group 2, rooms RR and KR were found to have higher AM counts compared to PM counts and this difference was significant (*p*\<0.05).

![Geometric mean±SD of total air plate counts of Group 2 rooms.](IEE-3-20376-g002){#F0002}

A comparison of the geometric means of the bacterial loads of both Groups 1 and 2 rooms showed statistically significantly higher values for Group 2 rooms in both AM and PM samples.

Week of sampling {#S20011}
----------------

There was significant difference between week of sampling and microbial levels in Groups 1 and 2 (*p*\<0.05).

Discussion {#S0012}
==========

Some of the bacterial genera isolated in this study have been previously implicated in veterinary nosocomial infections, specifically *Klebsiella*, *Serratia*, *Acinetobacter*, *Staphylococcus*, and *Pseudomonas* ([@CIT0004]--[@CIT0006], [@CIT0023], [@CIT0024]). Airborne contamination with bacterial organisms implicated in nosocomial infections has been described in human hospitals ([@CIT0025], [@CIT0026]).

*Micrococcus*, the most frequent genus isolated from both Group 1 and Group 2 rooms in this study has not, to our knowledge, been reported to cause nosocomial infections in dogs and cats. It has mainly been implicated in skin infections in these species ([@CIT0027]). A possible reason for its high frequency of isolation may be due to the fact that the organism is a common skin inhabitant and thus is easily shed into the environment on desquamated epithelial skin cells. The possibility that *Micrococcus* spp. may cause nosocomial infections can, however, not be completely ignored considering its high frequency of detection in this study.

*Staphylococcus* was the second most frequently isolated genus from both groups. It has been suggested that the environment may be an important source of MRSA infection, which is becoming of major concern in veterinary hospitals ([@CIT0010], [@CIT0014], [@CIT0023]). Airborne transmission of MRSA seems important in the acquisition of nasal carriage, and/or spread of the organism on skin scales that are liberated into the air during daily activities in human hospitals, for example bed making ([@CIT0028]).

Group 2 consisted of the four rooms in which patients are housed. It was therefore not a surprise that *E. coli* was present during both AM and PM sampling. PM sampling represented post-cleaning; however, patients were always present in the rooms thus the presence of *E. coli* was not unexpected. The frequency of isolation of *E. coli* was less during PM sampling, that is post-cleaning. It is important, however, to note that *E. coli* was not isolated from any of the Group 1 rooms which included the operating, examination and treatment rooms.

Overall, microbial counts in Group 2 rooms were significantly higher than in Group 1 rooms. This was not surprising as Group 2 rooms housed patients throughout the day and night. Movement of patients and personnel in and out of kennels during the day most likely accounted for the higher counts resulting from the dispersal of organisms in the air. In a study on the potential for airborne transmission of *Clostridium difficile* in a human hospital, they also found there was circulation and dispersal of organisms during movement, particularly personnel movement, opening and closing of doors, disturbance of already contaminated inanimate objects and lack of regular cleaning of air vents ([@CIT0025]).

Microbial counts in Group 1 rooms did not differ significantly between the rooms in the mornings. This finding could be explained, in part, by the fact that morning sampling in Group 1 was done immediately post-cleaning, therefore, this suggests consistency in the cleaning regimen in these rooms in the mornings. The significant differences between Group 1 rooms during PM sampling is a reflection of the activity in the rooms during the day. SER is a room with very little ventilation which may have led to the higher PM counts. The finding that SOR and SPR had higher AM counts compared to their PM counts was unexpected as sampling occurred after cleaning of the operating room. This finding may be explained in part, by the fact that SPR is a three-walled room with one side open to a corridor, thereby readily exposed to the inflow of contaminated air, as earlier described by others ([@CIT0029]).

Overall, Group 2 rooms had a significantly higher microbial load in the morning than in the afternoon. This correlates with the pattern of cleaning in the rooms. AM sampling was pre-cleaning and so higher counts would be expected compared with post-cleaning PM counts. There were significant differences between the counts in the different rooms in Group 2. Although the study design did not include a record of patient numbers at the time of sampling, the differences may have been related to the patient numbers in the different rooms. In Group 2 rooms, the RR and KR had significantly higher AM counts when compared to their PM counts. This was cause for concern, particularly for the RR as post-surgical patients recover in this area.

There are no documented standards for the evaluation of microbiological air quality in human hospitals ([@CIT0030]) or veterinary hospitals. There are clean-room classifications established by the European Union and the United States ([@CIT0031]); however, there is no consensus on the density of airborne microflora at which the risk of infection may be increased. Recognition of the risk of airborne dissemination provides an opportunity to reduce transmission. Airborne biological material can be investigated by collecting air samples and measuring viable microorganisms ([@CIT0030]).

The microbial load in an environment will vary from day to day and at different times of the day ([@CIT0016]). We designed our study to capture what would be representative bacteria during or following major events in the clinic, for example pre- and post-cleaning and including major activity times of the day. Some authors suggest that short sampling times only represent a snapshot of the microbes present; however, the disadvantage of longer sampling times is overgrowth of plates ([@CIT0032]). Our hope was that repeated sampling over a 9-week period would give us a fair representation of the organisms present. Another limitation of the study was that sampling was carried out with the impactor at a height of 5 ft and this may not necessarily have represented the true bacterial flora in each room. Published studies suggest that sampling at lower heights equivalent to the working level of the rooms be used ([@CIT0032]). A third limitation of the study is that air sampling was performed in two groups of rooms with different functions and the systemic sampling in relation to cleaning procedures in the morning and evenings in these two groups of rooms. This therefore makes it difficult to separate the effect of room function and sampling relative to time of cleaning in the analysis.

Conclusions {#S0013}
===========

It was concluded that there was a significant difference in air microbial loads in rooms sampled pre- and post-cleaning, with a general decrease in the microbial counts post-cleaning. It was also concluded that there were significant differences in microbial counts between rooms with higher counts in rooms that housed patients compared to rooms that did not. *Micrococcus* spp. were determined to be most frequently detected in the air of all rooms sampled with a potential to cause nocosomial infections in the hospital studied, although the significance is unknown. Air exchange and ventilation, and cleaning protocols throughout the hospital, particularly in the SOR, need to be re-evaluated.
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